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To the Editor: In 2006 two genome-wide association studies identified a strong association of genetic variants of TCF7L2 with the risk for type 2 diabetes mellitus. In fact, TCF7L2 is, to date, the strongest type 2 diabetes susceptibility gene and the link between this gene and the risk for type 2 diabetes has been confirmed in numerous association studies in various populations. The cumulative data suggest a defect in beta cell function in the carriers of mutations in TCF7L2 as the major underlying cause for the development of diabetes [1] . As this genetic link has been established, the major effort recently has been to understand the function of transcription factor 7-like 2 (TCF7L2) and the related wingless-type MMTV integration site family (WNT)-signalling pathway in beta cells. TCF7L2 is a transcription factor that is coactivated by β-catenin. β-Catenin is a crucial signaltransduction molecule in the so-called 'canonical' WNTsignalling pathway (see Fig. 1a ) [2] . WNT-signalling molecules are expressed on murine and human beta cells and WNT signalling has recently been identified as a regulator of beta cell proliferation and insulin secretion in vitro and in animal studies [3, 4] .
The January issue of Diabetologia included an important study by Krützfeldt and Stoffel on the postnatal expression and metabolic regulation of WNT-signalling molecules in pancreatic beta cells in mouse models of obesity [5] . They used Topgal mice to detect canonical WNT signalling in vivo. Surprisingly, using this system they found no detectable canonical WNT signalling in beta cells of wild-type mice and obese ob/ob mice at 2 months of age. Interestingly, the production of WNT4 and frizzledrelated protein (FRP) was shown to be upregulated in beta cells in the mouse model of insulin resistance. When testing the function of WNT4, they found it to act antagonistically to WNT3A in islets with respect to the stabilisation of β-catenin.
This seems to be in contrast to previous data indicating the crucial role of WNT signalling for beta cell physiology at postnatal stages. A mouse with a knockout of the gene encoding the WNT co-receptor low-density lipoprotein receptor-related protein 5 (LRP5) showed impaired insulin secretion despite normal islet architecture. The underlying defect is most probably impaired sensing of glucose by the affected beta cells [6] . In line with this, molecular studies indicate co-activation of the gene encoding glucokinase-a major regulator of glucose-sensing in beta-cells-by β-catenin [3] . In addition, knocking down the gene encoding TCF7L2 in adult murine and human islets in vitro reduces beta cell proliferation and insulin secretion [7] , emphasising the importance of this transcription factor for beta cell function. Of note, TCF7L2 is a classic target for β-catenin.
How can these contrasting findings on the importance of WNT signalling in postnatal islet physiology be explained? One lesson that we can learn from the animal studies in prenatal beta cell development is that accurate timing of the activation of canonical WNT signalling is crucial to allow for normal beta cell function [8] . Similarly, in adult mice, canonical WNT signalling might be switched on and off according to physiological demands at different time points of adult life. Krützfeldt and Stoffel investigated canonical WNT signalling in mice at 2 months of age-this might not reflect other time points in life.
The current data by Krützfeldt and Stoffel suggest that canonical WNT signalling is absent in beta cells of adult mice of a certain age. The question whether non-canonical WNT signalling pathways play a role in beta cell biology is not touched on by this work. In this context it is interesting to note that recent data from basic research studies have questioned our traditional view on the division and specificity of canonical vs non-canonical WNT signalling. Originally, WNT ligands were classified into activators of canonical or non-canonical signalling, implying that the major regulatory event is the presence of specific extracellular ligands. However, data from Amerongen and Nusse suggest a model of receptor-dependent WNT signalling [9] . This implies that the cellular response to WNTs is not only defined by the presence of given WNT ligands at the extracellular site of the cell membrane but also by the receptor context. This includes different frizzled receptors and LRP co-receptors, and also additional receptors for non-canonical WNT signalling. This model lays a particular emphasis on the responsiveness of target cells to WNT signalling in a temporally and spatially controlled manner. In addition, there is substantial intracellular cross-talk between non-canonical and canonical WNT signalling at, for example, the level of β-catenin.
WNT4 is highly expressed in beta cells, upregulated in obesity and antagonises canonical WNT signalling. What is the physiological relevance of this? Krützfeldt and Stoffel suggest WNT4 might protect beta cells from canonical WNT activation by exogenous WNT ligands. Under in vitro conditions, adipocytes can activate WNT signalling in beta cells [3] , but it is not proven whether such cross-talk is possible in vivo. Interestingly, WNT-signalling molecules have been detected in the systemic blood circulation in humans and there is evidence that the WNT antagonist dickkopf 1 (DKK-1), which is detectable in peripheral blood, derives from (among other tissues) adipocytes [10] . This suggests the possibility of paracrine and endocrine actions of WNT-signalling molecules. By secreting WNT4, beta cells could regulate their responsiveness to exogenous WNTs. WNT4 might act as a competitive antagonist to canonical WNTs (see Fig. 1b) . Alternatively, it has been demonstrated (although not in beta cells) that WNT4 can inhibit β-catenin downstream signalling by redirecting it to the cell membrane, thereby preventing its nuclear translocation [11] (see Fig. 1c ). However, it remains unclear whether this putative prevention of activation of canonical WNT signalling is involved in diabetes development and, if it is, whether it is a cause or a consequence of beta cell failure.
In conclusion, the important studies on WNT signalling in beta cells during the past years have greatly contributed to our understanding of the physiological role of this pathway in metabolic regulation. These studies have, however, raised even more questions. Currently, there is clear evidence that WNT signalling is an important regulator of beta cell development and function in humans and in murine models. The exact regulatory steps remain to be determined. 
